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2-(3,4-DIMETHYLPHENYL)-4^r2-HYDROXY-3 , -(1H-TETRAZOL-5- 
YL)BlPHENYL-3-YLyHYDRAZONO>-5-METHYL-2,4-DlHYDROPYRAZOL-3>ONE 

CHOLINE 



5 This invention relates to an improved thrombopoietin (hereinafter TPO) 

mimetic, the choline salt of 2-(3,4-dimethylphenyl)-4-{[2-hydroxy-3'»(1H-tetrazol-5- 
yl)biphenyl-3»yl]-hydrazono}-5-methyl-2,4-dihydropyrazol-3-one. The compound is 
represented by Structure I: 



N=N 

/ \ _ 



10 




The compound of this invention is useful as an agonist of the TPO receptor, 
particularly in enhancing platelet production. 

Detailed Description of the Invention 

15 2-(3,4-dimethylphenyl)-4-{[2^ 

hydrazono}-5-methyl-2,4-dihydropyrazol-3-one is a compound which is disclosed and 
claimed, along with pharmaceutical^ acceptable salts, hydrates, solvates and esters 
thereof, as being useful as an agonist of the TPO receptor, particularly in enhancing 
platelet production and particularly in the treatment of thrombocytopenia, in 

20 International Application No. PCT/US01/16863, having an International filing date of 
May 24, 2001; International Publication Number WO 01/89457 and an International 
Publication date of November 29, 2001 (compound of Example 12), the entire 
disclosure of which is hereby incorporated by reference. International Application 
No. PCT/US01/16863 does not specifically disclose a salt form for any of the 

25 compounds disclosed therein. 
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It has now surprisingly been found that the choline salt of 2-(3,4- 
dimethylphenyl)-4^[2-hydrox^ 

methyl-2,4-dihydropyrazoI-3-one has numerous advantages over the free acid. The 
free acid is poorly soluble in water. This poor solubility adversely affects the ability of 
5 the free acid to be formulated into pharmaceutical dosage forms and reduces the 
bioavailability and oral exposure of the compound |n vivo . 

While the free acid is highly useful as an agonist of the TPO receptor, 
particularly in enhancing platelet production and particularly in the treatment of 
thrombocytopenia, the choline salt of 2-(3,4-dimethylphenyl)-4-{[2-hydroxy-3 , -(1H- 

10 tetrazol-5-yl)biphenyl-3-yl]-hydrazono}-5-methyl-2,4-dihydropyrazol-3-one has the 
added advantages of enhanced bioavailability and oral exposure. 

The compound of this invention, 2-(3,4-dimethylphenyl)-4-{[2-hydroxy-3'-(1H- 
tetrazol-5-yl)biphenyl-3-yl]-hydrazono}-5-methyl-2,4-dihydropyrazol-3-one choline 
(hereinafter - "Active Ingredient" or "Compound A"), is useful as an agonist of the 

15 TPO receptor, particularly in enhancing platelet production and particularly in the 
treatment of thrombocytopenia. The Active Ingredient can be administered in a 
conventional dosage form prepared by combining the Active Ingredient with a 
conventional pharmaceutical^ acceptable carrier or diluent according to techniques 
readily known to those of skill in the art, such as those described in International 

20 Application No. PCT/US0 1/1 6863. 

Suitably, the present invention includes within its scope pharmaceutical 
compositions comprising 2-(3,4-dimethylphenyl)-4-{[2-hydroxy-3'-(1 H-tetrazol-5- 
yl)biphenyl-3-yl]-hydrazono}-5-methyl-2,4-dihydropyrazol-3-one choline, as the Active 
Ingredient, in association with a pharmaceutical^ acceptable carrier or diluent. 

25 Compound A of this invention can be administered by oral, parenteral, intradermal or 
topical routes of administration. The term parenteral as used herein includes 
intravenous, intramuscular, subcutaneous, intranasal, intrarectal, intravaginal and 
intraperitoneal administration. Oral administration is generally preferred. Compound 
A can be formulated in dosage forms appropriate for each route of administration 

30 including capsules, tablets, pills, powders and granules. In such solid dosage forms, 
the active compound is generally admixed with at least one inert diluent. The oral 
dosage forms can also comprise, as is normal practice, additional substances other 
than inert diluents, e.g., lubricating agents, glidants and antioxidants. In the case of 
capsules, tablets and pills, the dosage forms may also comprise buffering agents. 

35 Tablets and pills can additionally be prepared for a sustained release. 

Preparations according to this invention for parenteral administration include 
sterile aqueous solutions although nonaqueous suspensions of emulsions can be 
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employed. Such dosage forms may also contain adjuvants such as preserving, 
wetting, osmotic, buffering, emulsifying and dispersing agents. They may be 
sterilized by, for example, filtration through a bacteria retaining filter, by incorporating 
sterilizing agents into the compositions, irradiating the compositions or by heating the 
5 compositions. 

As used herein "choline" means (2-hydroxyethyl)trimethylammonium. 
Doses of the presently invented Active Ingredient in a pharmaceutical dosage 
unit as described above will be an efficacious, nontoxic quantity preferably selected 
from the range of 0.001 - 100 mg/kg of total body weight, preferably 0.001 - 50 

10 mg/kg. When treating a human patient in need of a TPO mimetic, the selected dose 
is preferably administered from 1-6 times daily, orally or parenterally. Preferred 
forms of parenteral administration include topically, rectally, transdermal^, by 
injection and continuously by infusion. Oral dosage units for human administration 
preferably contain from 0.05 to 3500 mg of Active Ingredient, most preferably from 

15 0.5 to 1,000 mg of Active Ingredient. Oral administration, which uses lower dosages 
is preferred. Parenteral administration, at high dosages, however, also can be used 
when safe and convenient for the patient. The above dosages relate to the preferred 
amount of the Active Ingredient expressed as the free acid. 

It will be recognized by one of skill in the art that the optimal quantity and 

20 spacing of individual dosages of the Active Ingredient will be determined by the 
nature and extent of the condition being treated, the form, route and site of 
administration, and the particular patient being treated, and that such optimums can 
be determined by conventional techniques. It will also be appreciated by one of skill 
in the art that the optimal course of treatment, i.e., the number of doses of the Active 

25 Ingredient given per day for a defined number of days, can be ascertained by those 
skilled in the art using conventional course of treatment determination tests. 

Generally speaking, the compound of this invention is prepared by dissolving 
the free acid, 2-(3,4-dimethylphenyl)-4-{[2-hydroxy-3 , -(1H-tetrazol-5-yl)biphenyl-3-yl]- 
hydrazono}-5-methyl-2,4-dihydropyrazol-3-one, in an appropriate organic solvent, 

30 such as a mixture of ethanol and ethyl acetate, filtering the resultant mixture to 
remove contaminants, then adding this solution to a solution of, for example, 1.5 
equivalents of choline hydroxide in an organic solvent, preferably a water-miscible 
solvent, such as MeOH or THF. The compound of this invention is precipitated out, 
generally over 3 to 24 hours, then is filtered off and dried, for example, dried in vacuo 

35 or air dried at an elevated temperature. 

Choline hydroxide 50 wt. % solution in methanol, was purchased from the 
Aldrich Chemical Company, Milwaukee, Wisconsin. 
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Organic solvents are available from the Aldrich Chemical Company, 
Milwaukee, Wisconsin. 

Because the pharmaceutical^ active compound of the present invention is 
active as a TPO mimetic it exhibits therapeutic utility in treating thrombocytopenia 
5 and other conditions with depressed platelet production. 

The treatment of thrombocytopenia, as described herein, is accomplished by 
increasing the production of platelets. 

By the term "thrombocytopenia" and derivatives thereof as used herein is to 
be broadly interpreted as any decrease in the number of blood platelets below what 

10 is considered normal or desired for a healthy individual. Thrombocytopenia is known 
to have many causative factors, including but not limited to, radiation therapy, 
chemotherapy, immune therapy, immune thrombocytopenic purpura (ITP, Bussel J. 
B. 7 Seminars in Hematology . 2000, 37, Suppl 1, 1-49), myelodysplastic syndrome 
(MDS), aplastic anemia, AML, CML, viral infections (including, but not limited to; HIV, 

15 hepatitis C, parvovirus) liver disease, myeloablation, bone marrow transplant, stem 
cell transplant, peripheral blood stem cell transplant, progenitor cell defect, 
polymorphisms in stem cells and progenitor cells, defects in Tpo, neutropenia 
(Sawai, N. J. Leukocyte Biol. . 2000, 68, 137-43), dendritic cell mobilization (Kuter D. 
J- Seminars in Hematology . 2000, 37, Suppl 4, 41-49), proliferation, activation or 

20 differentiation. The pharmaceutical^ active compound of this invention is useful in 
treating thrombocytopenia regardless of the factor or factors causing the condition. 
The pharmaceutical^ active compound of this invention is also useful in treating 
thrombocytopenia when the causative factor or factors of the condition are unknown 
or have yet to be identified. 

25 TPO has been demonstrated to act as a mobilizer of stem cells into the 

peripheral blood (Neumann T. A. et al., Cytokines, Cell. & Mol. Ther. . 2000, 6, 47- 
56). This activity can synergize with stem cell mobilizers such as G-CSF (Somolo et 
al., Blood , 1999, 93, 2798-2806). The compound of the present invention is thus 
useful in increasing the numbers of stem cells in circulation in donors prior to 

30 leukapheresis for hematopoietic stem-cell transplantation in patients receiving myelo- 
ablative chemotherapy. 

Likewise, TPO stimulates growth of myeloid cells, particularly those of 
granulocyte/macrophage lineage (Holly et al., US-5989537). Granulocyte/ 
macrophage progenitors are cells of the myeloid lineage that mature as neutrophils, 

35 monocytes, basophils and eosinophils. The compound of the present invention thus 
has therapeutic utility in stimulating the poliferation of neutrophils in patients with 
neutropenic conditions. 
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Prophylactic use of the compound of this invention is contemplated whenever 
a decrease in blood or blood platelets is anticipated. Prophylactic use of Compound 
A results in a build up of platelets or a commencement of platelet production prior to 
an anticipated loss of blood or blood platelets. Prophylactic uses of Compound A 
5 includes but is not limited to transplant surgery, surgery, anesthesia prior to child 
birth and gut protection. 

Human dendritic cells have been shown to express the TPO receptor 
(Kumamoto et al„ Br. J. Haem , 1999, 105, 1025-1033) and TPO is a potent mobilizer 
of dendritic cells. The TPO mimetic compound of the current invention is also useful 

10 as a vaccine adjuvant in that it increases the activity and mobility of dendritic cells. 
Compound A is useful as an immunological adjuvant, given in combination with an 
orally, transdermal^ or subcutaneously delivered vaccine and/or immunomodulator, 
by increasing the activity and mobility of dendritic cells. 

TPO is known to have various effects including anti-apototic/survival effects 

15 on megakaryocytes, platelets and stem cells, and proliferative effects on stem cells 
and megakaryocyte cells (Kuter D. J. Seminars in Hematology, 2000, 37, 41-9). 
These TPO activities effectively increase the number of stem and progenitor cells so 
that there are synergistic effects when TPO is used in conjunction with other 
cytokines that induce differentiation. 

20 A further aspect of the invention provides for a method of treating 

degenerative diseases in a mammal, including a human, in need thereof which 
comprises administering to such mammal a therapeutically effective amount of 
presently invented Compound A. 

By the term degenerative disease, and derivatives thereof, as used herein is 

25 meant a disease state selected from: nervous system disorders, including transverse 
myelitis, multiple sclerosis, demyelination occurring after trauma to the brain or 
spinal cord, acute brain injury, head trauma, peripheral nerve injury, ischaemic brain 
injury, spinal cord injury, hereditary myelin disorder of the CNS, epilepsy, perinatal 
asphyxia, asphyxia, anoxia, status epilepticus, and stroke; neurodegenerative 

30 diseases such as Alzheimer's disease, Parkinson disease, Huntington's disease, and 
amyotrophic lateral sclerosis; in the treatment, repair and/or regeneration of tissue, 
for example: in cardiovascular disorders, myocardial infarction and cardiovascular 
disease/tissue, and in the treatment, repair and/or regeneration of liver 
disease/tissue, gastrointestinal disease/tissue and kidney disease/tissue; in the 

35 treatment of AIDS; and in the treatment of diabetes/diabetes mellitus. 

Stroke refers to a cerebral vascular incident (CVI) and includes acute 
thromboembolic stroke. Stroke includes both focal and global ischemia. Also 
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included are transient cerebral ischemic attacks and other cerebral vascular 
problems accompanied by cerebral ischemia. A patient undergoing carotid 
endarterectomy specifically or other cerebrovascular or vascular surgical procedures 
in general, or diagnostic vascular procedures including cerebral angiography and the 
5 like. 

Other incidents are head trauma, spinal cord trauma, or injury from general 
anoxia, hypoxia, hypoglycemia, hypotension, as well as similar injuries seen during 
procedures from embole, hyperfusion, and hypoxia. 

Compound A is useful in a range of incidents, for example, during cardiac 

10 bypass surgery, in incidents of intracranial hemorrhage, in perinatal asphyxia, in 
cardiac arrest, and status epilepticus. 

The present invention therefore provides a method of treating a disease state 
selected from: nervous system disorders, including transverse myelitis, multiple 
sclerosis, demyelination occurring after trauma to the brain or spinal cord, acute 

15 brain injury, head trauma, spinal cord injury, peripheral nerve injury, ischaemic brain 
injury, hereditary myelin disorder of the CNS, epilepsy, perinatal asphxia, asphyxia, 
, anoxia, status epilepticus, and stroke; neurodegenerative diseases such as 
Alzheimer's disease, Parkinson disease, Huntington's disease, and amyotrophic 
lateral sclerosis; in the treatment, repair and/or regeneration of tissue, for example: 

20 in cardiovascular disorders, myocardial infarction and cardiovascular disease/tissue, 
and in the treatment, repair and/or regeneration of liver disease/tissue, 
gastrointestinal disease/tissue and kidney disease/tissue; in the treatment of AIDS; 
and in the treatment of diabetes/diabetes mellitus which comprises the 
administration an effective amount of Compound A. 

25 The treatment of degenerative diseases, as described herein, is 

accomplished by the administration of Compound A and is not limited to any 
particular mechanism of action. A mechanism of action for treating the degenerative 
diseases, as described herein, is by stimulating the survival and/or production of 
stem cells and/or increasing stem cell function and/or longevity. 

30 Degenerative diseases are known to have many causative factors, including 

but not limited to, viral infections (including, but not limited to; HIV, hepatitis C, 
parvovirus) and liver disease, aging, auto immune diseases, neural disease/damage, 
liver disease/damage, kidney disease/damage, gastrointestinal disease/damage, 
cardiovascular disease/damage and pancreatic disease/damage. This invention 

35 relates to the treatment of degenerative diseases regardless of the factor or factors 
causing the condition. The compound of this invention, Compound A, is also useful 
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in treating degenerative diseases when the causative factor or factors of the 
condition are unknown or have yet to be identified. 

A skilled physician will be able to determine the appropriate situation in which 
subjects are susceptible to or at risk of a degenerative disease, for example, stroke 
5 as well as suffering from stroke for administration by methods of the present 
invention. 

Prophylactic use of the compounds of this invention is contemplated 
whenever a degenerative disease is anticipated. 

10 The ability of Compound A to treat degenerative diseases is demonstrated by 

activity in the CD34+ Progenitor Cell Proliferation Assay. 

CD34+ Progenitor Cell Proliferation Assay 

Compound A is tested for its ability in stimulating the survival and proliferation 

of early CD34+ progenitor cells from human bone marrow. In this assay, purified 
15 human CD34+ progenitor cells are incubated in liquid culture with Compound A for 

up to 7 days and the number of cells expressing the early stem cell marker CD34 is 

then measured by flow cytometry and compared to untreated cells (see Liu et al. 

Bone Marrow Transplantation. 24:247-52, 1999). 

20 The present invention therefore provides a method of treating degenerative 

diseases, which comprises the administration an effective amount of Compound A to 
a subject in need thereof. Compound A provides for a method for treating the above 
indicated disease states because of its ability to treat degenerative diseases. 

It is part of this discovery that the ]n vivo administration of Compound A is 

25 useful in treating Parkinson's disease, Huntingdon's disease, multiple sclerosis and 
ischaemic brain injury. Stem cells, including adult bone marrow stem cells are 
indicated as effective in treating multiple sclerosis; Stangel M. et al., Progress in 
Neurobiology , 68(5) : 361-76, 2002 Dec. Neural stem cells and their use in 
Parkinson's disease, Huntingtion's disease, multiple sclerosis and ischaemic brain 

30 injury is described in Ostenfield T. et al., Advances & Technical standards in 
Neurosurgery , 28: 3-89, 2003. 

Further, it is part of this discovery that the in vivo administration of Compound 
A is useful in the regeneration and repair of tissues that respond to stem cell 
treatment. Such tissues are readily known or readily ascertainable by those skilled in 

35 the art. For example, stem cells are indicated as being useful in treating patients 
with myocardial infarction, cardiovascular disorders and cardiovascular disease; 
Stamm C. et al., Lancet . 361(9351) : 45-6, 2003 and Semsarian C, Internal Medicine 
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Journal. 32(5-6) : 259-65, 2002. Stem cells are indicated in treating, repairing and/or 
in the regeneration of liver disease/tissue, gastrointestinal disease/tissue and kidney 
disease/tissue; Choi D. et al., Cell transplantation , 11(4) : 359-68, 2002, Poulsom R. 
et al., Journal of Pathology . 197 (4) : 441-56, 2002 and Alison M. et al., Journal of 
5 Pathology . 197 (4) : 41 9-23, 2002. 

Further, it is part of this discovery that the in vivo administration of Compound 
A is useful in the treatment of diabetes/diabetes mellitus. Stem cells are indicated in 
treating diabetes, Berna G, et al., Biomedicine & Pharmacotherapy. 55(4): 206-12, 
2001 and Beilhack GF., et aL Diabetes. 52(1) :59-68. 2003. 

10 A further aspect of the invention provides for methods of co-administering the 

presently invented Compound A with further active ingredients, such as other 
compounds known to treat degenerative diseases and/or thrombocytopenia, 
including chemotherapy-induced thrombocytopenia and bone marrow transplantation 
and other conditions with depressed platelet production, or compounds known to 

15 have utility when used in combination with a TPO mimetic. 

By the term "co-administering" and derivatives thereof as used herein is 
meant either simultaneous administration or any manner of separate sequential 
administration of Compound A, and a further active ingredient or ingredients, known 
to treat degenerative diseases and/or thrombocytopenia, including chemotherapy- 

20 induced thrombocytopenia and bone marrow transplantation and other conditions 

with depressed platelet production. The term further active ingredient or ingredients, 
as used herein, includes any compound or therapeutic agent known to have or that 
demonstrates advantageous properties when administered with TPO or a TPO 
mimetic. Preferably, if the administration is not simultaneous, the compounds are 

25 administered in a close time proximity to each other. Furthermore, it does not matter 
if the compounds are administered in the same dosage form, e.g. one compound 
may be administered topically and another compound may be administered orally. 

The TPO mimetic compound of the current invention is also useful in acting 
on cells for survival or proliferation in conjunction with other agents known to act on 

30 cells for survival or proliferation. Such other agents include but are not limited to: G- 
CSF, GM-CSF, TPO, M-CSF, EPO, Gro-beta, IL-11, SCF, FLT3 ligand, LIF, IL-3, IL- 
6, IL-1, Progenipoietin, NESP, SD-01, or IL-5 or a biologically active derivative of any 
of the aforementioned agents, KT6352 (Shiotsu Y. et aL, Exp. Hemat. 1998, 26, 
1195-1201), uteroferrin (Laurenz JC, et al. Comp. Biochem. & Phvs ., P art A. 

35 Physiology. , 1997, 116, 369-77), FK23 (Hasegawa T., et al. Int. J. Immunopharm. . 
1996, 18 103-112) and other molecules identified as having anti-apoptotic, survival 
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or proliferative properties for stem cells, progenitor cells, or other cells expressing 
Tpo Receptors. 

Examples of a further active ingredient or ingredients for use in combination 
with the presently invented Compound A include but are not limited to: 
5 chemoprotective or myeloprotective agents such as G-CSF, BB10010 (demons et 
al., Breast Cancer Res. Treatment , 1999, 57, 127), amifostine (Ethyol) (Fetscheret 
al., Current Opinion in Hemat , 2000, 7, 255-60), SCF, IL-11, MCP-4, IL-1-beta, 
AcSDKP (Gaudron et al., Stem Cells , 1999, 17, 100-6), TNF-a, TGF-b, MIP-1a 
(Egger et al., Bone Marrow Transpl. , 1998, 22 (Suppl. 2), 34-35), and other 

10 molecules identified as having anti-apoptotic, survival or proliferative properties. 

Additional examples of a further active ingredient or ingredients for use in 
combination with the presently invented TPO mimetic compound includes but is not 
limited to: stem cell, megakaryocyte, neutrophil mobilizers such as chemotherapeutic 
agents (i.e., Cytoxan, etoposide, cisplatin, Ballestrero A. et al., Oncology , 2000, 59, 

15 7-13), chemokines, IL-8, Gro-beta (King, A. G. et al. J. Immun. , 2000, 164, 3774-82), 
receptor agonist or antagonist antibodies, small molecule cytokine or receptor 
agonists or antagonists, SCF, Flt3 ligand, adhesion molecule inhibitors or antibodies 
such as: anti-VLA-4 (Kikuta T. et al., Exp. Hemat ., 2000, 28, 311-7) or anti-CD44 
(Vermeulen M. et al., Blood , 1998, 92, 894-900), cytokine/chemokine/interleukin or 

20 receptor agonist or antagonist antibodies, MCP-4 (Berkhout TA., et al., J. Biol. 

Chem. . 1997, 272, 16404-16413; Uguccioni M. et al., J. Exp. Med. , 1996, 183, 2379- 
2384). 

Compound A of this invention is useful as a TPO mimetic in mammals, 
particularly humans, in need thereof. 
25 The method of this invention of inducing TPO mimetic activity in mammals, 

including humans, comprises administering to a subject in need of such activity an 
effective TPO mimetic amount of Compound A of the present invention. 

The invention also provides for the use of Compound A in the manufacture of 
a medicament for use in therapy. 
30 The invention also provides for the use of Compound A in the manufacture of 

a medicament for use as a TPO mimetic. 

The invention also provides for the use of Compound A in the manufacture of 
a medicament for use in enhancing platelet production. 

The invention also provides for the use of Compound A in the manufacture of 
35 a medicament for use in treating thrombocytopenia. 

The invention also provides for the use of Compound A in the manufacture of 
a medicament for use in the treatmet of degenerative diseases. 
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The invention also provides for a pharmaceutical composition for use in the 
treatment of degenerative diseases which comprises Compound A and a 
pharmaceutical^ acceptable carrier. 

The invention also provides for a pharmaceutical composition for use as a 
5 TPO mimetic which comprises Compound A and a pharmaceutical^ acceptable 
carrier. 

The invention also provides for a pharmaceutical composition for use in the 
treatment of thrombocytopenia which comprises Compound A and a 
pharmaceutical^ acceptable carrier. 
10 The invention also provides for a pharmaceutical composition for use in 

enhancing platelet production which comprises Compound A and a pharmaceutical^ 
acceptable carrier. 

The invention also provides for a pharmaceutical composition for use in 
treating degenerative diseases which comprises Compound A and a 
15 pharmaceutical^ acceptable carrier. 

By the term "treating" and derivatives thereof as used herein, is meant 
prophylatic and therapeutic therapy. 

All publications, including but not limited to patents and patent applications, 
cited in this specification are herein incorporated by reference as though fully set 
20 forth. 

No unacceptable toxicological effects are expected when the compound of 
the invention is administered in accordance with the present invention. 

Contemplated Equivalents - It will be appreciated by the person of ordinary 
skill in the art that Compound A may also exist in tautomeric forms. Tautomeric 
25 forms of Compound A may include, but are not limited to, structures formally 
represented by the following formulae (II and III). 
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N=N 




N=N 
.NH 




N-N 

^J^— Me 

Me 

("I) (HI). 
All such compounds are included in the scope of the invention and inherently 
included in the definition of Compound A. 

The following examples further illustrate the present invention. The examples 
are not intended to limit the scope of the invention as defined hereinabove and as 
claimed below. 



10 EXAMPLE 1 

Preparation of: 

2-(3,4-dimethylphenyl)-4-{t2-hydroxy-3'-(1H-tetrazol-5-yl)biphenyl-3-yl]-hydrazono}-5- 

methyl-2,4-dihydropyrazol-3-one choline 



N=N 
nL .NH 



15 




Choline hydroxide (1 N) 
in MeOH 




N 



H,C 




OH 



N-N 



H 3 C-N-CH 3 
CH, 



<ty cH * 

CH, 
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10 



2-(3,4-Dimethylphenyl)-4-{[2-h^^ 
hydrazono}-5-methyl-2,4-dihydropyrazol-3-one, 1.1 g of crude orange solid, in 7 mL 
of ethyl acetate and 12 mL of ethanol (190 proof) was stirred at approximately 40°C. 
To this suspension 2.5 ml of choline hydroxide (1N) solution in methanol was added 
resulting in a dark orange brown solution. Water (1 ml ) was added to the dark 
solution and the mixture stirred at approx. 35 °C for approx. 3 hours. During this 
time, precipitation was seen in the solution. The suspension was stirred for another 
72 hours at approx. 20 °C, and then the solid was isolated by filtration and dried at 
approx. 40 °C over 12 hours to yield 1.2 gram (87% yield) of the title compound as a 
crystalline solid with a light orange color. 



15 



20 



The solid was proved to be crystalline by X-ray powder diffraction taken on a 
Philips X'Pert Pro diffractometer. The sample was scanned with the following 
parameters: scan range: 2-35 degrees two-theta; generator power: 40kV, 40mA; 
radiation source: Cu Kcc; scan type: continuous; step time: 10.16 seconds; step size: 
0.0167 degrees two-theta per step; sample rotation: 25 rpm. Following are the X-ray 
powder pattern and peak list. 




2Theia (°) 
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Pos. 


d-spacing 


Height 


Rel. Int. 




[°2Th.] 


[A] 


[cts] 


[%] 


1 


3.7251 


23.71979 


765.16 


7.1 


2 


4.6611 


18.95844 


281.32 


2.61 


3 


6.9016 


12.80813 


132.23 


1.23 


4 


7.398 


11.94973 


1973.41 


18.32 


5 


8.631 


10.24525 


79.49 


0.74 


6 


9.2935 


9.51632 


591.28 


5.49 


7 


11.0789 


7.98639 


8263.89 


76.71 


8 


12.0073 


7.37092 


1010.77 


9.38 


9 


12.6611 


6.99174 


1142.5 


10.61 


10 


13.4261 


6.59499 


1954.15 


18.14 


11 


13.9252 


6.35974 


935.82 


8.69 


12 


14.7822 


5.9929 


10773.16 


100 


13 


15.4472 


5.73636 


448.55 


4.16 


14 


15.821 


5.60168 


247.91 


2.3 


15 


16.0339 


5.52779 


187.08 


1.74 


16 


16.3397 


5.42501 


133.42 


1.24 


17 


16.827 


5.26898 


323.14 


3 


18 


17.2645 


5.13643 


503.18 


4.67 


19 


17.7 


5.01104 


303.14 


2.81 


20 


18.4945 


4.79752 


1781.54 


16.54 


21 


18.617 


4.76623 


3054.95 


28.36 


22 


18.8171 


4.71597 


523.32 


4.86 


23 


19.0441 


4.66028 


351.15 


3.26 


24 


19.4943 


4.55365 


759.39 


7.05 


25 


20.0493 


4.42884 


237.18 


2.2 


26 


20.2993 


4.37486 


976.47 


9.06 


27 


20.9924 


4.23196 


826.54 


7.67 


28 


21.8349 


4.07054 


401.19 


3.72 


29 


22.1116 


4.02021 


277.22 


2.57 


ou 


99 7Q^ft 


1 QMA'X 

0.v7U 1*+ 1 


779 89 


7 i7 
/.if 


31 


23.3318 


3.81267 


198.84 


1.85 


32 


23.6942 


3.75516 


194.32 


1.8 


33 


24.3066 


3.66191 


646.51 


6 


34 


24.9588 


3.56769 


361.6 


3.36 
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35 


25.3337 


3.51573 


1565.54 


14.53 


36 


25.8945 


3.44085 


1500.67 


13.93 


37 


26.28 


3.39125 


464.38 


4.31 


38 


26.8355 


3.3223 


491.62 


4.56 


39 


28.0401 


3.18225 


379.9 


3.53 


40 


28.8594 


3.09375 


323.9 


3.01 


41 


29.1842 


3.06005 


347.59 


3.23 


42 


29.9265 


2.98582 


615.82 


5.72 


43 


30.4456 


2.93608 


205.95 


1.91 


44 


30.887 


2.89513 


209.21 


1.94 


45 


31.6721 


2.82513 


111.93 


1.04 


46 


32.3596 


2.76666 


186.65 


1.73 


47 


32.9388 


2.71932 


135.38 


1.26 


48 


33.5777 


2.66903 


266.78 


2.48 


49 


34.1496 


2.62563 


98.41 


0.91 




oo.yooo 


O 4QOQO 


1 97 


1 1Q 
I - IO 


51 


37.317 


2.40973 


197.26 


1.83 


52 


38.1296 


2.36023 


208.09 


1.93 


53 


38.8183 


2.31992 


140.58 


1.3 


54 


39.4044 


2.28676 


240.8 


2.24 



DSC data showed the solid melts with decomposition with an endotherm onset at 
about 235.3 °C. 

5 Proton NMR (400 MHz, MeOH-d4 referenced to MeOH-d4 83.32): 

5 2.28 (s, 3H), 2.31 (s, 3H), 2.39 (s, 3H), 3.21 (s, 9H), 3.47-3.49 (t, 2H), 3.99-4.01 (t, 
2H), 7.10-7.13 (dd, 1H), 7.17-7.18 (d, 1H), 7.20-7.21 (dd, 1H), 7.55-7.60 (m, 3H), 
7.68 (br. s, 1H), 7.76-7.77 (dd, 1H), 8.06-8.07 (dd, 1H), 8.21 (s, 1H) 
IR Data (DATR) 

10 3023, 2920, 2853, 1648, 1606, 1541, 1503, 1457, 1410, 1367, 1334, 1267, 1257, 
1224, 1191, 1155, 1135, 1117, 1097,1054, 1024, 1000, 958, 920, 904, 874, 851, 
806, 784, 773, 760, 726, 708, 681 cm' 1 
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EXAMPLE 2 
Preparation of: 
2-(3,4<limethylphenyl)-4-{[2-hydroxy^ 

methyl-2,4-dihydropyrazoi-3-one choline 

5 

2-(3,4-Dimethylphenyl)-44[2-hydroxy-3'-(1H4etrazol-5-yl)biphenyl-3-yl]^ 
hydrazono}-5-methyl-2,4-dihydropyrazoI-3-one (2.0g, 4.29 mmole) was suspended in 
ethanol (17 ml) and water (1.85 ml). The brown slurry was treated with choline 
hydroxide (2.68 ml, 2.2 eq) (supplied as a 45% wt solution in methanol) at ambient 

10 temperature to form a deep purple solution which was stirred for 30 mins. The 
solution was filtered, and rinsed through with ethanol (4 ml). Triflouroacetic acid 
(0.36 ml, 1eq) in water (1.85 ml) was added to the filtrate to form an orange-red 
slurry which was then heated to 78°C (reflux) and stirred for 30 mins. The reaction 
was then cooled to 60°C and treated with ethanol (25 ml, 12.5 vol) and stirred for a 

15 further 1 h at 60°C. The suspension was then cooled to ambient and stirred for 17 
h. After filtration the cake was washed with ethanol (8ml, 4 vol). The resulting solid 
was dried at 50°C in vacuo to give 2-(3,4-dimethylphenyl)-4-{[2-hydroxy-3'-(1H- 
tetrazol-5-yl)biphenyl-3-yl]-hydrazono}-5-methyl-2,4-dihydropyrazol-3-one choline as 
an orange solid (2.02g, 83%). 

20 

Proton NMR and IR data are consistent with the title compound. 

EXAMPLE 3 
Tablet Composition 

25 Lactose, microcrystalline cellulose, sodium starch glycolate, magnesium 

stearate and 2~(3,4-dimethylphenyl)-4-{[2-hydroxy-3'-(1 H-tetrazoI~5-yl)biphenyl-3-yl]- 
hydrazono}-5-methyI-2,4-dihydropyrazol-3-one choline are blended in the proportions 
shown in Table 1 below. The blend is then compressed into tablets. 1 
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Table 1 



INGREDIENT mg. 



2-(3,4<]imethylphenyl)-4-{[2~hydroxy-3 , - 8.45 
(1H-tetrazol-5-yl)biphenyl-3-yl]- 
hydrazono}-5-methyl-2,4- 
dihydropyrazol-3-one choline 
microcrystalline cellulose 112 
lactose 70 
sodium starch glycolate 8 
magnesium stearate 2 



EXAMPLE 4 
Injectable Parenteral Composition 
An injectable form for administering 2-(3,4-dimethylphenyl)-4-{[2-hydroxy-3- 
5 (1H-tetrazol-5-yl)biphenyl-3-yl]-hydrazono}-5-methyl-2,4-dihydropyrazol-3-one 

choline is produced by stirring 5.0 mg. of the compound in 1.0 ml. of normal saline. 

While the preferred embodiments of the invention are illustrated by the 
above, it is to be understood that the invention is not limited to the precise 
10 instructions herein disclosed and that the right to all modifications coming within the 
scope of the following claims is reserved. 
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What is claimed is: 

1 . 2-(3,4-dimethylphenyl)-4-{[2-hydroxy-3 , -(1 H-tetrazol-5-yl)biphenyl-3-yl]- 
hydrazono}-5-methyl-2,4-dihydropyrazol-3-one choline. 

5 

2. A pharmaceutical composition comprising 2-(3,4-dimethylphenyl)-4-{[2- 
hydroxy-3'-(1H-tetrazol-5-yl)biphenyl-3-yl]-hydrazono}-5-methyl-2,4-dihydropyrazol-3- 
one choline and a pharmaceutical^ acceptable carrier or diluent. 

10 3. A method of treating thrombocytopenia in a mammal in need thereof 

which comprises administering to such mammal a therapeutically effective amount of 
a compound as described in claim 1. 

4. A method as claimed in claim 3, wherein the mammal is a human. 

15 

5. A method of enhancing platelet production in a mammal in need thereof 
which comprises administering to such mammal a therapeutically effective amount of 
a compound as described in Claim 1 . 

20 6. A method as claimed in claim 5, wherein the mammal is a human. 

7. The method of claim 3 wherein the compound is administered orally. 

8. The method of claim 3 wherein the compound is administered 
25 parenterally. 

9. A method of agonizing the TPO receptor in a subject which comprises 
administering an effective amount of a compound as described in claim 1. 

30 10. A process for preparing a pharmaceutical composition containing a 

pharmaceutical^ acceptable carrier or diluent and an effective amount of a 
compound as described in claim 1 , which process comprises bringing the compound 
described in claim 1 into association with the pharmaceutical^ acceptable carrier or 
diluent. 

35 

11. The method of Claim 3 further comprising co-administering a 
therapeutically effective amount of an agent selected from the group consisting of: a 
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colony stimulating factor, cytokine, chemokine, interleukin or cytokine receptor 
agonist or antagonists, soluble receptors, receptor agonists or antagonist antibodies, 
or small molecules or peptides that act by the same mechanisms of one or more of 

said agents. 

i 

12. The method of Claim 11 wherein the agent is selected from the group 
consisting of: G-CSF, GM-CSF, TPO, M-CSF, EPO, Gro-beta, IL-11, SCF, FLT3 
ligand, LIF, IL-3, IL-6, IL-1, Progenipoietin, NESP, SD-01, IL-8, or IL-5 or a 
biologically active derivative of any of said agents. 

13. A pharmaceutical composition of Claim 2 further comprising co- 
administering a therapeutically effective amount of an agent selected from the group 
consisting of: a colony stimulating factor, cytokine, chemokine, interleukin or cytokine 
receptor agonist. 

14. The composition of Claim 13 wherein the agent is selected from the 
group consisting of: G-CSF, GM-CSF, TPO, M-CSF, EPO, Gro-beta, IL-11, SCF, 
FLT3 Ligand, LIF, IL-3, IL-6, IL-1, or IL-5 or a biologically active derivative of any of 
said agents. 

15. A method for enhancing platelet production obtained from a donor which 
comprises administering to such donor a therapeutically effective amount of a 
compound as described in Claim 1 prior to platelet pheresis, blood donation or 
platelet donation. 

16. A method for enhancing the number of peripheral blood stem cells 
obtained from a donor which comprises administering to such donor a therapeutically 
effective amount of a compound as described in Claim 1 prior to leukapheresis. 

17. A method of Claim 16 further comprising co-administering a 
therapeutically effective amount of a hematopoietic-cell mobilizing agent selected 
from the group consisting of: a colony stimulating factor, cytokine, chemokine, 
interleukin or cytokine receptor agonist, adhesion molecule antagonists or 
antibodies. 

18. The method of Claim 17 wherein the mobilizing agent is selected from 
the group consisting of: G-CSF, GM-CSF, TPO, EPO, Gro-beta, IL-8, Cytoxan, VLA- 
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4 inhibitors, SCF, FLT3 ligand or a biologically active derivative of G-CSF, GM-CSF, 
TPO, EPO, Gro-beta or IL-8. 

19. An in vitro or ex vivo method for enhancing stimulation of megakaryocyte 
5 maturation and/or platelet production which comprises adding an effective amount of 

a compound as described in Claim 1 to the culture medium of cells that express the 
TPO receptor. 

20. An in vitro or ex vivo method for enhancing stimulation of megakaryocyte 
10 maturation and/or platelet production which comprises adding an effective amount of 

a compound as described in Claim 1 to the culture medium of stem cells, bone 
marrow cells, cord-blood cells or peripheral blood cells. 

21. A method of claim 20, wherein the megakaryocytes or platelets are 
15 returned to the mammal following chemotherapy or radiation therapy. 

22. An in vitro or ex vivo method for enhancing the survival and/or 
proliferation of stem cells, bone marrow cells, cord-blood cells, peripheral blood cells 
or other types of cells expressing the TPO receptor in culture which comprises 

20 culturing said cell in a medium containing an effective amount of a compound as 
described in Claim 1 . 

23. A method of claim 22 further comprising co-administration of a 
therapeutically effective amount of a colony stimulating factor, cytokine, chemokine, 

25 interleukin or cytokine receptor agonist. 

24. A method of claim 22 wherein the stem cells are returned to the mammal 
following chemotherapy or radiation therapy. 

30 25. A method of treating neutropenia in a mammal, including a human, in 

need thereof which comprises administering to such mammal a therapeutically 
effective amount of a compound as described in claim 1 . 

26. An in vitro or ex vivo method for enhancing stimulation of neutrophil 
35 production which comprises adding an effective amount of a compound as described 
in Claim 1 to the culture medium of stem cells, bone marrow cells, cord-blood cells, 
peripheral blood cells or other types of cells expressing the TPO receptor. 
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27. A method of claim 26, wherein the neutrophils are returned to the 
mammal following chemotherapy or radiation therapy. 

5 28. A method of claim 3 wherein said thrombocytopenia is due to 

myelosuppression caused by chemotherapy or radiation therapy. 

29. A method of claim 3 wherein said thrombocytopenia is due to an organ 
transplant. 

10 

30. A method of claim 3 wherein said thrombocytopenia is due to bone 
marrow, stem cell, or liver transplant. 

31. A method of claim 3 wherein said thrombocytopenia is due to idiopathic 
15 thrombocytopenia purpura (ITP). 

32. A method of claim 3 wherein said thrombocytopenia is due to 
myelodysplastic syndromes (MDS), aplastic anemia or leukemia. 

20 33. A method of claim 3 wherein said thrombocytopenia is due to viral, 

fungal, microbial or parasitic infection. 

34. A method of claim 3 wherein said thrombocytopenia is due to liver 
dysfunction. 

25 

35. A method of claim 3 wherein said thrombocytopenia is due to surgical 
procedures. 

36. A method of claim 3 wherein said thrombocytopenia is drug - induced. 

30 

37. A process for preparing the compound of claim 1 , which process 
comprises: 

i) dissolving 2-(3,4-dimethylphenyl)~4-{[2-hydroxy-3 , -(1 H-tetrazol- 
S-yObiphenyl-S-ylJ-hydrazono^S-methyl^^-dihydropyrazol-S-one in an organic 

35 solvent or solvents, to form a solution; 

ii) adding one or more equivalents of choline hydroxide to the 

solution; and 
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iii) isolating the prepared compound. 

38. A method of treating a degenerative disease in a mammal in need 
thereof which comprises the in vivo administration of a therapeutically effective 

5 amount of a compound of claim 1 to such mammal. 

39. A method as claimed in claim 38 wherein the mammal is a human. 

40. The method of claim 38 wherein the degenerative disease is selected 
10 from: transverse myelitis, multiple sclerosis, demyelination occurring after trauma to 

the brain or spinal cord, acute brain injury, head trauma, spinal cord injury, peripheral 
nerve injury, ischaemic brain injury, hereditary myelin disorder of the CNS, epilepsy, 
perinatal asphxia, asphyxia, anoxia, status epilepticus, stroke, Alzheimer's disease, 
Parkinson disease, Huntington's disease, amyotrophic lateral sclerosis, 
15 cardiovascular disorder, myocardial infarction, cardiovascular disease, liver disease, 
gastrointestinal disease, kidney disease, AIDS, diabetes and diabetes mellitus. 

41 . The method of claim 38 wherein the degenerative disease is a 
degenerative neural disease. 

20 

42. The method of claim 40 wherein the compound is administered orally. 

43. The method of claim 40 wherein the compound is administered 
parenterally. 

25 

44. A method of Claim 40 further comprising co-administering a 
therapeutically effective amount of an agent selected from the group consisting of: a 
colony stimulating factor, cytokine, chemokine, interleukin or cytokine receptor 
agonist or antagonists, soluble receptors, receptor agonists or antagonist antibodies, 

30 or small molecules or peptides that act by the same mechanisms one or more of said 
agents. 

45. The method of Claim 44 wherein the agent is selected from the group 
consisting of: G-CSF, GM-CSF, TPO, M-CSF, EPO, Gro-beta, IL-11, SCF, FLT3 

35 ligand, LIF, IL-3, IL-6, IL-1, Progenipoietin, NESP, SD-01, IL-8, or IL-5 or a 
biologically active derivative of any of said agents. 
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46. The method of Claim 40 further comprising co-administering a 
therapeutically effective amount of a hematopoietic-cell mobilizing agent selected 
from the group consisting of: a colony stimulating factor, cytokine, chemokine, 
interleukin or cytokine receptor agonist, adhesion molecule anatgonists or 

5 antibodies. 

47. The method of Claim 46 wherein the mobilizing agent is selected from 
the group consisting of: G-CSF, GM-CSF, TPO, EPO, Gro-beta, IL-8, Cytoxan, VLA- 
4 inibitors, SCF, FLT3 ligand or a biologically active derivative of G-CSF, GM-CSF, 

10 TPO, EPO, Gro-beta or IL-8. 

48. A method of claim 40 wherein the degenerative disease is due to viral, 
fungal, microbial or parasitic infection. 

15 49. A method of claim 40 wherein the degenerative disease is due to liver 

dysfunction. 

50. A method of claim 40 wherein the degenerative disease is due to surgical 
procedures. 

20 

51 . A method of claim 40 wherein the degenerative disease is due to 
treatment with antiviral or antibiotic agents. 

52. A method of claim 40 wherein the degenerative disease is due a spinal 
25 cord injury. 

53. A method of treating a diseases state selected from: transverse myelitis, 
multiple sclerosis, demyelination occurring after trauma to the brain or spinal cord, 
acute brain injury, head trauma, spinal cord injury, peripheral nerve injury, ischaemic 

30 brain injury, hereditary myelin disorder of the CNS, epilepsy, perinatal asphxia, 

asphyxia, anoxia, status epilepticus, stroke, Alzheimer's disease, Parkinson disease, 
Huntington's disease, amyotrophic lateral sclerosis, cardiovascular disorder, 
myocardial infarction, cardiovascular disease, liver disease, gastrointestinal disease, 
kidney disease, AIDS, diabetes and diabetes mellitus, which comprises the in vivo 

35 administration an effective amount of a compound of claim 1 . 
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54. A method of treating a degenerative neural disease which comprises the 
in vivo administration of an effective amount of a compound as described in claim 1. 

55. A method of treating a diseases state selected from: transverse myelitis, 
5 multiple sclerosis, demyelination occurring after trauma to the brain or spinal cord, 

acute brain injury, head trauma, spinal cord injury, peripheral nerve injury, ischaemic 
brain injury, hereditary myelin disorder of the CNS, epilepsy, perinatal asphxia, 
asphyxia, anoxia, status epilepticus, stroke, Alzheimer's disease, Parkinson disease, 
Huntington's disease, amyotrophic lateral sclerosis, cardiovascular disorder, 
10 myocardial infarction, cardiovascular disease, liver disease, gastrointestinal disease, 
kidney disease, AIDS, diabetes and diabetes mellitus, which comprises the in vivo 
administration of an effective amount of a composition as described in claim 2. 

56. A method of treating a degenerative neural disease which comprises the 
15 ]n vivo administration of an effective amount of a compound as described in claim 2. 

57. A method of treating a degenerative disease in a mammal in need 
thereof which comprises the administration of a therapeutically effective amount of 
the compound of claim 1 to such mammal. 

20 

58. The method of claim 57 wherein the mammal is a human. 

59. The process of claim 37 wherein the solution contains a mixture of ethyl 
acetate and ethanol. 

25 

60. The process of claim 37 wherein the solution contains tetrahydrofuran. 
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